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Human factor VIII can be packaged and 
functionally expressed in an 
adeno-associated virus background: 
applicability to haemophilia A gene 
therapy 

Dmitri V. Gnatenko, Evgueni L Saenko, Jolyon Jesty, Liang-Xian 
Cao, Patrick Hearing & Wadie F. Bahou 

Adeno-associated virus (AAV) is a single-stranded DNA parvovirus 
displaying several attractive features applicable to haemophilia A 
gene therapy, including non-pathogenicity and potential for 
long-term transgene expression from either integrated or episomal 
forms. We have generated and characterized two 

B-domain-deleted (BDD) fVIII mutants, deleted in residues Phe 756 

to lie 1679 (fVIIIA 756-1679) or Thr 761 to Asn 1639 

(fVIIIA 761-1639). [ 35 S]metabolic labelling experiments and 
immunoprecipitation demonstrated intact BDD-fVIII of the predicted 
size in both lysates and supernatants (M f - 155 kD for 

fVIIIA 756-1 679 and M f ~ 160 kD for fVIIIA 761 -1639) after transient 

transfection into COS-1 cells. Functional fVIII quantification 
appeared maximal using fVIIIA 761-1639, as evaluated by Coatest 

and clotting assay (98 ± 20 mU/ml/1 x 10 6 cells and 

118 ± 29 mU/ml/1 x 10 6 respectively, collection period 48 h). To 
bypass potential size limitations of rAAV/fVIII vectors, we 
expressed fVIIIA 761-1639 using a minimal human 243 bp cellular 
small nuclear RNA (pHU1-1) promoter, and demonstrated fVIII 
activity -30% of that seen using CMV promoter. This BDD-fVIII 
(rAAV(pHU1-1) fVIIIA 761-1639) can be efficiently encapsidated 
into rAAV (107% of wild type), as demonstrated by replication 
centre and DNAase sensitivity assays. A concentrated recombinant 
viral stock resulted in readily detectable factor VIII expression in 
COS-1 cells using a maximally-achievable MOI -35 (Coatest 

15 mil/ml; clotting assay 25 ± 2.0 mU/ml/1 x 10 6 cells). These data 
provide the first evidence that rAAV is an adaptable virus for fVIII 
delivery, and given the recent progress using this virus for factor IX 
delivery in vivo, provide a new approach towards definitive 
treatment of haemophilia A. 
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WP.ILB MODULATES THE TRANSCRIPTIONAL ^.^ . 
ACTIVITY OF PS PRO MOTOR OF ADBNCASSOCIATEO 

iBMr^lMfl H S|l'^ 1 , P fg B flm N,Lovr 
iSSSna. Nagoya Uniwarsiiy School ol Medldna, NaQoya, 

Production and purpow The human adano-asiwclsifd 
wlmc t«a Z IAAV21 «qulr«« the aUntedion with Bdenowrus lor 
Voumal Ve>«cawc?ln host calls, and llw precfco l M 
f^«lonTadenovtrus has not haan darlllBd. Tharfl Is a i binding 
K ianoZs EtA in pS prnmotor ol I AAVS ! and El A gay. 
■« irrtoortflnt rola in rapllcalon o( AAVZ. NF-IL6 IC«:BPB) 
™ ou lTs llATospon^a «| B mant howavar Hs ftindlon lor p5 
Somow to # NF-IL6 Is also known to be 
Snder IL-fi i sUrnuKi In hepaiocyla. The aurposa of Ws study .Is 
w dariiy iN rSlaa ol IL* |o? produoUon of rAAV ar^ iha 

ffiwao wara colranafeeiad into adenovirus infaciad 
Ai«BMter calls, which ctedved (com human hapMnw. and ««s 
*9re ^ct*atad with or wtthout IL-fi 10uftwl) lor 7a houw. Eaoh 
«n aSSS addad to MaU calls and tha War ol rMV was 
««iSSsd irom lha numhor ol Noomydn-reslstsnt colony. (2) 
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e^uanee located at -96 to >37 of p5 promotor of AAV2 at the 
Sosweam of firolly luclfarase reporter gene. pQL-pB was 
tSSSSSU with or without NF-IUS axpresstan l^ft ^J*':, 
T WsNmoio) Into HaLa or 293 celle, and lortyelahl how« leiar 
Ial^*ere harvested and melterase assay was pertowad. 
Aaaulu fit Tha fliers of rAAV/Neo produced with "-f and 
2rthn% IL< were 250 wid <ZO eotony/pTalB. raspactfyely. (2) As 
S in Ihriable halow. In HoLa and 293 call line, NMUS 
ng^d t^scriPtt"" in-told and 1 -fol d, resnoctivflly. 
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guble Iriasceric cxprciiloD In boatUipQldlc cells (maadaccd 
Ktrovfnu vectors conUlalDC QtTp adpeUbU marker sjtnc A. Kui 
V. Uede* M- Untie, T. Suda and K, Oxawa. Oeparvnsnt of Mo\ 
institute of Hematology* Duchy Medical School Tochigi; CREST, J:' 
pepastment of Cell Differentiation. Iwtitvte of Molecular Genetics 
fumamoto University School of Medicine Kumomoto, Japan. 

Recombinant retrovirus vectors ere most widely employed in gq/e therapy Iritis 
tinetlntf hematopoietic cells. However, the transduction efficiency pie reirovirusex 
it itM In*ufficien4< particularly for pemsiopoietic item cells. TM* li a mqor 
drawback in applying retrovirus vector* to larger mlmiU and evaluation of the 
usnsgene expression in Ww ht* been hampered. One wiy to overcome the 
efficiency problem i* to develop 1 system 10 enrich the transduce^ hematopoietic 
item celt* without losing their tatlpotcncy. For this purpose, (yo studied the 
(fijjibllily of green flworesceni protein (OF?) gene u t rapid selectable marker of 
letrovtraJly transduced cells. Hut marker would also facilitate lha identification and 
unking of ihe progeny of transduced item celli in vivo. Wo conjatrucicd scvcrtl 
bidftmnJc retroviruses, one of which wu designed to express BflFP (Cloqiech) 
under can trot of the cfltxahxJomyocardilii vinii (EMCV) -derived inbmol ribosome 
entry die (IRES), while the humifl CD24 gene wu pi iced lo be expressed In cap- 
&perufew manner (MSCWCW4-lRES-EaFP). We transduced scvci^J cell lines and 
the primary murine bone marrow cell* and obierved co-expresiion o(|,Cf>24 *nd OFP 
| fl (hoie cells. The efficient trxnigene expression in Bi/P3 pro-B« cells his been 
luiuunod for more then 6 month*. In the mi/TOw-recortiu'luted rnicc, pFP expression 
wu detected la 25-40* of the donor-derived perlphenl blood cells on day 45 post- 
tmuplinutloD ind further (ong-iernt expression in vivo is cjurrcnlly under 
UivetUf Mion, These results Indicate the GFP-ugged biciitrpnic retrovirus vecion are 
fulublc for marking hcrnatopoleiJc item cells end thus would work t| valuable tools 
to mck the transduced cells in recipients. 
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Betnifini mediated Unatfcr tad expression of the human glucose 6-phos phite 
a^bjdrofeiiAie (CtfPD) gene Ja mouse bone narrow «*4U- A. Rovfri, H. Gsllardo, 

M. Oc Anglolclli, C Murphy, V. Rosti, P. Mm. M. ■Sxdelaln t&6 L- Luzuuo. 
0^ur0r«eiU of Human Gentiles, MSKCC, New York h]Y. I 

The clinictl immifecutloni of GfiPD deficiency tre moitly miJ4 or It mi led 10 
tcute epuodei. However, 4 imtll ^ubict of G6PD deficienc lubjectv hive i tevere 
chronic non-spherocyUc hemolytic ancmlt (CNSHA), Since G6?t) inheriumce It 
X-linked, the hclcmtygouc mothers of these mtle patients tro gertcfjc mottle* u t 
rtiutt of X<hromotame ineciiviUon ind their blood ^ often narinal. tuggecdng 
EOTTuiilc cell selection in favor of the hemuopoielic cells with Ui<) normiJ C6PD 
tilde 00 the active X-chromoiomc- Based on ih|t observation, and since no 
tiUgfactary treatment for CNSHA is available, wc \iwt conitrucijed two sets of 
murine leukemla-beied retroviral vectors in which uxprtstlan of thp human G6PD 
O1O6PD) cDNA is driven cither hy the rclrovinl LTR of Myeloprol illative Sutomi 
Vmu (MPSV) or by Ihe G6PD promoter iueif. (n (he Inner vector, the G6PD inimn 
|2 and the p-globin polyodenylaiion signal were cloned In reverse | orientation. To 
lenerale the vectors, each of the plasmid ct>n»rMCU was transfected into the 
ecotropic ^CRE p4cfcaging cell line and stable producers were telijcicd. To atteas 
the ability of each vector 10 transfer and exprett the hGfiPD cON^ we first used 
MIK/3T3 mo«BA flbroblatL To mnuuTc the expression of hGtipO in fnnsduced celU 
wc combined ipecuophowmetric quantltuion of OfiPD activity and cellulose aeetaie 
gel electrophoresis, which resolves human (rcirovirally inxuferrell) from mouse 
(endogenous) 06PD activity. Wc found thai UTH and 06PP promolflr driven vector 
both subty integrate and produce enzymaUcaJly active h06PD. Prom the uuiyiL* of 
individual transduced fibroblast cell clone* we dmemuned Oi^ ihe level of 
expreasion was roughly proponional to the copy number of integrated proviru* as 
assessed by Southern blotting. The \\G6P0 activity from integration (if * tingle copy 
of the hCWPD gene wu on avenge comparable to mouse 06PD activity. We next 
pted the gpgtt packaging cell line for the production of virions p4eudotyped with 
the G glycoprotein of vesicular twmatitis vims (VSV-O). Thia enabjed us lo obtain 
high titer supematanu (3 x 10' infectious particles/ml) which wercjuacd for 06 PD 
transduction into mouse bone marrow cells: this achieved expressiqn of hG6PD up 
10 tO tlmea the level of mouse Q6?D In short-lerra bane marrow eirlturcs. We are 
currently testing whether, upon transplantation into syngeneic IcjhaUy Irradiated 
nice, transduced hematopoietic cells will be capable of I ong-termj 1 expression and 
possible selfrelection in vivo, comparing the promoter of the housekeeping gene 
06PD to that of WPSV. - 
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Eecocobioaiit Rdeoo-suiaocliiUd virus as a vehicle for gene de%ery> 
mutant factor VUL p. Onaienko, I. Jetty, P. Hcarine, Sicnko end W.R 
Stale Untocnity of New York at Stony Brook W and American Red Cross, 
MockviUc, WD. ! 

Adeno-utociated virus (AAV) is a single-stranded DNA porvqyiniB displaying 
several attractive features applicable to hemophilia A gene therapy including non- 
pilhagcnlclty and potential for long-term transRcnc expression fmm piiher Integraled 
or cpisomal forms. Size limits of encapsulation M.6 kb) rcBtric^ the use or this 
vector for delivery of the full-length human FVIII cDNA, Using ipilgonucleoMde- 
dirccted precise gene fusion by PCR^ we have generated end characterized two 
recombinant fc-domain deleted FV11I (BDD-FVIII) rnutants, specifically deleted in 
■inino acid residue* Phe"* through He" (FVIIFA756-I679), or' residues Tlir 1 " 
through Asn ,4h (FVIHA7fif>1639). ( S| metabolic labeling experiments and 
Immunoprecipiuilon using the anu-FVlll light chain monoclonal, antibody ESH4 
demonstrated intact BPD-FVIU of the predicted size in both lysaiea ixnd tupemaUiUs 
<Mr - 155 kDa for FVIIId756-|679 and Mr - tdO kDs for PVllfi760-l639) after 
transient tran l faction into COS- 1 cells. Functional FV|H quantification appealed 
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maxim*! using PVHCA760-1639. at evaluated by both <^ateat nnd clotting 
assay detefrninaUan (294 * 60 tnU/ml/1 x 10 cells and 354 * 87 mfJ/ml/l a 10* 
respectively, collection period 48 hours). The diminished activity of 
FVinA756-i679 presumabfy reflecta instability related (o deletion of interactive 
residues mediating von Wlllebrand factor (vWF) binding. To determine whether 
fjpp-FVIU can be encapBulalcd into rAAV we have generated 
rAAV7FVIirA756-l679 driven by a minimal vWF core promoter (342 bp) si so 
cortialnlng the SV40 early gene polyadenylation signal. ThiL construct, which is 
111% of wild-type AAV, demonstrated 1 titer 5 x \0* infection units (i.u-VmK, us 
evaluated by replication center assay on 293 cells. Purification by Cs£( gradient 
centrifugation generated * concentrated stock of I x 10 i-uVml, with no evidence for 
cc^tamiriaung wild-type AAV. Sou (hem blot analysis of Hlrt DNA using a stable- 
expressing rep/cop cell line demonstrated replicaUve monomerfc and dlmeric forms 
of rAAV, witfi no evidence for contaminiiing adenovirus. Infection of COS-1 cells 
with rAAV/FVl(lA756-L679 (multiplicity of infection (MOD - 10 LuJcell for 24 
hours) re&ulled in secretion of detectable amounts of functionally active BDD-PVHl 
(Coalest - 63 ±9 mU/rruVI x 10* cells; dotting assay • 60* 12 mUAnl. BLISA - 
|S.o 1 1.8 ug/mJ for 48 noun). Higher yield of functionally acuve BDD-FVIU miy 
be achieved using higher MOl, more efficient promoter* or BDD-FVIU with 
intact vWF binding site. Taken together, these dais provide die first evidence that 
AAV-bated vectors can be rocce* fully used for packaging of BDD-FVIII cDNA 
into an AAV background with secretion of a functionally active protein even at low MOI. 
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Therapeutic IcvcU of human protein C lo rate after retroviral vector-mediated 
hepatic cede therapy, S.-R< Cil, S.C Kennedy, W,M. Bowling, M.W. Flye and K.P. 
Ponder. Pept. of Internal Medicine, Washington University School of Medicine. St. 
Louis, MO, 

Komoxygous protein C deficiency results in a serious thrombotic disorder that 
might be ueaxed by expressing * normal human protein C (hPO gene in patients. An 
ajnohouoplc retroviral vector with a strong liver-specific promoter and the h PC 
cDNA was delivered (o rat hepatocytea in vivo during liver rcginefation. &pn=siion 
of hPC In 7 nu varied from 55 to 303 ng/mi (1.3-5* of normal) for 2 weekx after 
tranaduction. Bapresslon increfaed 4- lo 9 -fold to an average level of 900 ng/ml 
(22* of normal) In four rats at -t-1 months and remained stable thereafter for I 
year. These rats all developed high titer anti-hPC antibodies and exhibited a 
prolonged hPC hxlflifo in vivo. Expression was stable at 160 ng/ml (4ft of normal) 
for 1 year In one rat, wbo did not develop nndbodles against hFC. Expression fell to 
<50ft of the initial levels at 1-2 months aAer transduction in uhe 2 remaining rats, 
both of whom developed high-tiler anli-hPC enubodie*. The hPC functional activity 
was tested. One a&siy tiled a human specific antibody to immune -precipitate hPC 
which was Ihen activated with Proutc and incubated with a chromogenic substrate. A 
second assay involved activation of the hPC in rat plesmu wid» Prolac followed by 
testing its ability (o inhibit the clotting time in an APTT assay using hPC-deficieni 
human plasma- In all cues, the functional hPC activity was similar to or higher than 
the antigen levels. We conclude that most transduced rats ichleved hPC levels that 
would prevent purpura fdlminans in humans, Hepatic gene therapy might therefore 
become a viable treatment for patients with severe homozygous hPC deficiency. We 
also conclude thai emi-hPC antibodies increased the hPC half-life and plasma levels 
in some rata, but did not interfere with its functional activity. Some investigators 
have presumed thai the development of antibodies during a gene therapy protocol 
will increase the clearance of a protein. This study demons! rs frs that chj^ari tidies 
directed against a plasma protein do not nt*exsu^leystW^ or 
ahrogiition of a biological effect- fj^ e[ Uli^ Ifl 

Rc-cveJuuiiou ef the ex rivo Autologous Bbroblast trarwtacUon model In 
rabblu; Achlevexneni of long unn (>tf00 day*) factor XX cq> rejxtoo lo a small 
pecmtftEc «f suxlaiAla. Un Chen, David Nelson, Zhtli Zheng and Richard Morgan 
Onir. by J-R Uzler), Clinical Qtne Therapy Branch, National Human Genome 
Research Institute. NIH. Bethesda MP 20A92. 

Hemophilia B is caused by muuuioru in (actor IX end is e well studied model far 
gene therapy. Baaed In vitro data, primary flbroblasia have txen shown to express 
high levels of factor DC following transduction by retroviral vectors. Ex vivo gene 
therapy using retroviral transduced primary fibroblasts has been Investigated by 
many nescartiiers. Published results on the effectiveness of this approach ate 
Inconsistent and tome are even In conflict. We fell it was important 10 reevaluate the 
ex vrvo approach ming newly designed retroviral vectora in a thrpe cohort of rabbits. 
In this study, we first measured the kinetics pf human factor DC in rabblu, Including 
fasOf life, volume of distribution md bioavailability with intravenous, ittfnperitoneal 
or BUbeulaneoiisly admSniiiraiJon, We then tetied a transplanulioft prouicot that utec 
a simple subcutaneous Injection of a mixture of retroviral transduced primary 
fibroblaaia in a collagen suspension. 15 rabbit* were subject to this procedure and 
two of them showed long term (>600 days) expression of human factor fx in plasma. 
Histological examination of the injection silcs showed an increase of vsjcularily but 
no oiher pathological changes. No significant difference between anirnals with 
delectable factor IX expression and those without were dMrumented at Injection 
sites, PCR and RT-PCR studies show Ihe existence of the implanted cclU and 
variable degrees of expression of transgene at the Injection ulte in all animals. In 
addition, we analyzed ihe antibody response to different components in implantation 
mixture as well as to the transgene products including the human factor IX and 
neomycin phocphotrflnsfcrase (Neo), Overall, our result suggests that the rabbit can 
be a useful model for ex vivo gene therapy for hemophilia B- £r gene delivery 
using prinury sutologout fibroblasts has grcsi poiential, especially with improved 
retroviral vecion. The key to successful ex vivo gene therapy will depend on 
significsnt improvements over the currently used Implanumon methodology. 
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